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Abstract. High resolution spectra (R > 40000) for 9 main sequence turn-off stars and 9 subgiants in the globular cluster 
NGC 6752 were acquired with UVES on the VET-Kueyen (UT2). These data have been used to determine the abundances 
of some heavy elements (strontium, yttrium, barium and europium). This paper presents for the first time accurate results for 
heavy elements in this globular cluster. We did not find any systematic effect between the abundances found in turn-off stars, 
subgiants, and giants. We obtain the following mean abundances for these elements in our sample (turn-off stars and subgiants): 
[Sr/Fe] = 0.06 ± 0.16, [Y/Fe] = -0.01 ± 0.12, [Ba/Fe] = 0.18 ± 0.11, and [Eu/Fe] = 0.41 ± 0.09. The dispersion in the 
abundance ratios of the different elements is low and can be totally explained by uncertainties in their derivation. These ratios 
are in agreement with the values found in field halo stars with the same metallicity. We did not observe any correlation between 
the [n-capture/Fe] ratios and the star-to-star variations of the O and Na abundances. The [Ba/Eu] and [Sr/Ba] ratios show clearly 
that this globular cluster has also been uniformly enriched by r- and s-process synthesis. 
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1. Introduction 

Spectroscopic observations of globular cluster stars can pro- 
' vide many clues to understand the formation and evolution of 
the early Galaxy. As they are among the oldest stellar objects 
known, they can be used as natural laboratories for testing the 
theory of stellar evolution. 

In a given Galactic globular cluster, stars are commonly ac- 
cepted to have all about the same age and at least the same 
metallicity. But if there doesn't seem to be evidence yet for any 
kind of age variation among stars in a single cluster, small scat- 
ters in their individual abundances have already been found, 
thus leading to the question of the primordial or evolutionary 
origin of these scatters. Most globular clusters (GCs) seem to 
have a rather homogeneous iron abundance, but there is evi- 
dence of a few clusters with star-to-star variations in the abun- 
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dances of iron-peak elements (e.g. tj Cen). Further striking 
star-to-star variations are also seen in the abundance patterns 
of other elements (e.g. CH and CN bands, Al, Na, and Mg vari- 
ations, and Al-O or O-Na anticoiTelations). The detection of 
heavier elements and the study of their abundance patterns can 
be used as a tool to understand the origin of the chemical en- 
richment of a globular cluster Especially, a comparison of the 
abundances of neutron-capture elements (roughly A > 60) can 
be very helpful to distinguish which chemical enrichment sce- 
nario has more probably taken place among the cluster stars, 
depending on the relative fraction of elements produced by the 
r- or the s-process. As almost every globular cluster chemical 
analysis up to now has only been done on giant stars, it is there- 
fore also significant to investigate the possible inhomogeneity 
of the abundances in the different evolutionary sequences of a 
globular cluster. 

This work is part of the ESO-Large Program 165.L-0263 
(PI: R. G. Gratton), which is dedicated to the analysis of high- 
resolution spectra (R > 40000) of a large sample of dwarfs 
near the turn-off and early subgiants at the base of the red gi- 
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ant branch (RGB) in at least three globular clusters (47 Tuc, 
NGC 6397 ari d NGC 6752). The first results of this program 
jGratton e t al."2001) already showed clearly -and for the first 
time- the O-Na anticorrelation among turn-off stars and early 
subgiants in NGC 6752, ruling out the hypothesis of mixing as 
being the ori gin of these anomahes . A more recent work has 
been done bv lBonifacio et alJ ( l2002h on the lithium content of 
NGC 6397, its possible primordial origin in this cluster, and its 
influence on the standard big-bang model. 

Previous precise abundance determinations in globular 
clusters have only been done for bright giant stars {V ~ 11- 
12), and the few attem pts to deriv e abunda nces in fain ter or less 
evolved stars (e.g. iBoesgaard et al..l998iiKing et alil998 ) ob- 
tained only very low S /N spectra, and thus not really reliable 
measurements of the n-capture elements. UVES, the echelle- 
spectrograph at the VLT-UT2 (Kueyen), is one of the few in- 
struments able to obtain spectra with higher S /N values for 
such faint stars {V ~ 16-17), which allows to measure accu- 
rate abundances also for heavy elements. 

Concerning the cluster NGC 6752, there are only a few 
references about abundance determinations, most of them be- 
ing metallicity (in this case , iron abundances) deter minations 
jZinn & WestI [l984: Minn iti et alJ Il993t ICarretta & GrattoJ 
Il997l) . and some others beeing abundance analyses in- 
cluding several other elements ^Norris & Da Costal 1 19951 



ICirundahl et alJl2002l:l^ng et alJl2003h . AU these studies have 
been done on bright giant stars, and the only few results on 
heavy elements are reported in the paper of .Norris & Da Costal 
lll995l) . 

In this paper, we present for the first time accurate results 
for abundances of several heavy elements (Sr, Y, Ba, and Eu) 
in turn-off stars and early subgiants (at the base of the RGB) in 
a globular cluster, NGC 6752. 
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2. Observations 

The observations were carried out in several runs at the Kueyen 
(VLT-UT2) Telescope with the UVES high-resolution echelle 
spectrograph in June an d Septem ber 2000, and they have al- 
ready been described bv iGratton et al.. (2001) . For the cluster 
NGC 6752, data have been obtained for 9 dwarfs around the 
turn-off (TO) point, and 9 subgiants at the base of the RGB. 

The observed stars are l isted in Table[T] S tar ide ntifications 
and photometry are from iGrundahl et all ( l2000l) . Exposure 
times range from about 1 hour for the brightest subgiants to 
about 4 hours (split in 3 to 4 exposures) for the faintest turn-off 
stars. The observations were done with the UVES Dichroic #2 
mode, which allows to cover a wide spectral range (350-470 
nm for the blue spectra, and 570-870 nm for the red ones). The 
resolution (R = A/A A) is always over 40 00, depending mainly 
on the slit width (see lGratton et al. '2OOII). 

In Table ^ we give S /N ratios per pixel around 450 and 
650 nm (there are ~5 pixels per resolution element), near the 
observed lines of strontium, yttrium, barium, and europium 
(Srii: 407.77 and 421.55 nm; Yii: 395.03 and 439.80 nm; 
Ban: 455.40, 585.37, 614.17 and 649.69 nm; Euii: 412.97 and 
420.50 nm). S /N ratios range from ~ 15 in the worst cases of the 
blue spectra (for the turn-off star #4661), to ~65 in the red spec- 
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Fig.l. Top: UVES (VLT-UT2) normalized spectra of 
NGC 6752 stars #1665 (subgiant) and #4383 (dwarf), centered 
on the Ban (614.17 nm) line, showing a direct comparison of 
the strength of the lines between subgiants and dwarfs in the 
cluster. The spectrum of star #4383 has been offsetted to avoid 
overlap. Bottom: Spectral region of star #1400 (subgiant), cen- 
tered on the Eu 11 (412.97 nm) line. 



tra (subgiant #1400, and turn-off star #4907). Figure ^ shows 
typical examples of our spectra in the regions of the Ban line 
at 614.17 nm, and the Eun line at 412.97 nm. 
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Table 1. Data for our NGC 6752 Stars. Star identifications and photometry are from lGrundahl et alJ tOOd) . 
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0.42 


1445 


15.89 


0.50 


36 


57 


-1.56 


0.00 


-0.09 


0.33 


0.51 


1460 


15.94 


0.47 


35 


58 


-1.42 


-0.04 


-0.23 


0.20 


0.31 


1461 


15.95 


0.49 


26 


44 


-1.40 


-0.07 


-0.10 


0.23 


0.25 


1481 


15.95 


0.46 


42 


62 


-1.52 


0.13 


0.00 


0.30 


0.46 


1563 


16.03 


0.47 


33 


52 


-1.60 


0.06 


0.22 


0.36 


0.54 


1665 


16.04 


0.48 


30 


47 


-1.50 


0.07 


0.03 


0.27 


0.36 


202063 


15.94 


0.47 


27 


50 


-1.55 


-0.11 


0.13 


0.23 


0.40 


< mean > 










-1.49 


-0.01 


-0.01 


0.25 


0.40 


o" (std. dev.) 
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4341 


17.15 


0.35 


20 


44 


-1.48 


-0.07 


-0.13 


0.05 


<0.52 


4383 


17.11 


0.36 


39 


59 


-1.45 


0.11 


0.00 


0.14 


<0.44 


4428 


17.14 


0.37 


42 


61 


-1.59 


0.30 


<0.00 


0.20 


<0.63 


4458 


17.16 


0.34 


24 


45 


-1.50 


-0.19 


<0.03 


0.15 


<0.62 


4661 


17.22 


0.34 


16 


26 


-1.42 


0.28 


<0.12 


-0.01 


<0.67 


4907 


17.20 


0.35 


52 


66 


-1.52 


0.29 


0.09 


0.18 


0.53 


5048 


17.28 


0.35 


36 


62 


-1.47 


0.27 


0.07 


0.14 


0.41 


200613 


17.20 


0.38 


19 


34 


-1.35 


0.19 


-0.19 


-0.03 


<0.44 


202316 


17.28 


0.35 


35 


51 


-1.53 


-0.06 


0.01 


0.21 


<0.47 


< mean > 










-1.48 


0.12 


-0.03 


0.11 


0.47 


cr (std. dev.) 










0.07 


0.19 


0.11 


0.09 


0.08 



3. Abundance analysis 

3.1. Model atmospheres and stellar parameters 

The adopted model atmospheres (OSMAR CS, LTE) have 
been c omputed using the grid defined by .Edvardsson et al.l 
ill 9931). with an upda ted version of the MARCS code of 
iGus tafsson et al. ( 1975) with improved UV- line blanketing (see 
also lEdvardsson et al...l994 ) ). In these computatio ns, we used 
the solar abundances of lGrevesse & Sauvail ( l200(]|) . 

Our sample stars near the turn-off are all very close to each 
other in the Stromgren color-magnitude diagram of NGC 6752, 
and so are also the sample stars at the base of the RGB. All 
the stars in each one of these two sets of data have conse- 
quently very similar stellar parameters: effective temperatures 
(Te ff), surfac e gravities (logg), and microturbulent velocities 
(f). lGratton et alJ (l20()ll) already showed clearly that we could 
use two sets of mean atmospheric parameters: one for the TO 
stars, and another one for the subgiants. In the present work, 
we used these mean parameters, and adapted them to fit the 
data with our models. 

To check the parameters given bv lGratton et alJ ( l200ll) . we 
first used two spectra: the average of the 9 TO stars, and the 
average of the 9 subgiants. The S/N ratios (per pixel) of these 
summed spectra are much higher than those of the single spec- 



tra (~60 and ~80 for the blue TO and subgiants average spectra 
around 450 nm; ~100 and ~140 for the red TO and subgiants 
average spectra near 650 nm; see Table ^ for the individual 
S/N ratios), which allows an accurate equivalent width mea- 
surement of many reUable Fe i and Fe ii lines. 



'Gratton et al.' ('2001') obtained their effective temperatures 
using Stromgren photometry from Grundahl et al. (2000) . and 
by fitting the wings of the H,, profiles of the spectra. They 
compared the resulting effective temperatures to a calibration 
based on the work of Alonso et aL (1226) for MS-stars. In this 
work, the effective temperature for our two resulting spectra 
was checked by assuming that there is no trend between the 
Fe I equivalent widths and the excitation potentials, and by fit- 
ting the wings of the Hq. profile of the spectra. We also checked 
the gravities and microturbulent velocities by comparing theo- 
retical curves of growth with observational curves of growth. 
The gravities were verified with the ionization equilibrium of 
Fe I and Fe ii, and the microturbulent velocities were checked 
imposing the Fe i abundances to be independent of the equiv- 
alent wi dth of the lines. Fina llv. we found that the parameters 
used bv lGratton et alJ ll2001*) were compatible with these veri- 
fications within the error bars given in that paper. 
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These sets of parameters were then used to recompute 
the Fe abundance' with our OSMARCS code, and we found 
[Fe/H] - -1.50, which we finally used as input parameter in 
our detailed computations. 

As a next step, we checked for each single star that these pa- 
rameters were giving coherent results by computing the abun- 
dances of up to ~30 lines of Fei and Feii weaker than 100 
mA. At last, we adopted the following two sets of parameters: 
{reff = 5347 K; logg = 3.54; [Fe/H] = -1.50;^= 1.1 km s"') 
for the subgiants, and {T^ff = 6226 K; logg = 4.28; [Fe/H] = 
-1.50; ^ = 0.7 km s"') for the turn-off stai's (see TableQ. 

3.2. Iron abundances 

For iron lines, we deduced abundances from equivalent width 
measurements made with an automatic line fitting procedure 
based on the algorithms of Charbonneau (1995), which per- 
form both Une detection and Gaussian fits of unblended lines. 
Although many more lines are visible on the spectra, we made 
a selection of 30^0 (depending on the quality of the spectra) 
unblended Fe i lines with equivalent widths lower than 100 mA, 
and we kept all the detected unblended Fe ii lines. The results 
for individual stars are listed in Tabled The iron abundances 
are the average of the Fe i and Fe ii abundances. 

Previous iron abundance determinations have already been 
done for this cluster For b right giant stars. Zinn & Wes t (1 984), 
iMinniti et al.] (Il993l) . and lNorris & Da Costal JiggsT found re- 
spectively [Fe/H] = -1.54, [Fe/ H] = -1.58 (3 stars), and 
[Fe/H] = -1.54 (6 stars), while ICarretta & Gratto n (1997) 
found a higher value for th eir 4 observed giants ([Fe/H] = 
-1.421 'Grat ton et al.1 (l200ll) confirm this metallicity f or our 
sample ([Fe /H] = -1 . 42). M ore recently, Grunda hl et alJ 
( I2OO2I) and lYong et all (l2003l) pubHshed a metalhcity of 
[Fe/H] = -1.62, respectively for 21 RGB bump stars, and 20 
bright giant stars in this cluster The average value of [Fe/H] = 
-1.49 ± 0.07 (standard deviation around the mean value, see 
Table0 for our whole sample is fully compatible with all these 
previous values within the errors that could have been made on 
our atmospheric parameters (see Sectionj^^hereafter). 

The differences in iron abundance between the differ- 
ent previous analvse s on this cluster have been discussed by 
iKraft & IvansI (l2003l) and seem to be due mainly to differ- 
ences in the adopted models (MARCS, Kurucz...). And more 
precisely, concerning the slight difference (0.0 7 dex) of our 
value and the previous metallicity published by iGratton et alJ 
1I2OOII) from the same data, it is partly due to our different T(t) 
laws (temperature variation as a function of the optical depth), 
leading to a difference in the temperature at the depth of line 
formation, and finally to a small shift in the metallicity (we 
used OSMARCS models, while the previous analysis has been 
done using Kurucz models). Moreov er, when comparing our 
Fe abundances with those obtained in 'Gratton et al.l 1I2OO IV it 



should be noted that these last are the abundances from Fe i 



alone. Those obtained from Fe 11 lines are a bit lower (-1 .49 for 
the TO stars, and -1.57 for the stars at the base of the RGB). 
If the same average than in the present paper is done, the dif- 
ference between the two determinations would be very small 
(~0.02 dex; the exact value depends on the weights given when 
computing the a verage). However, i t should also be noticed that 
the value used in lGratton et al liEooi.) is that a ppropriate for the 
purpose of obtaining the ages ( Gratton et alJ2 003) because also 
for the field stars we only consider Fe i. 

But this is not a critical point in this work because we are 
presenting abundances ratios. Apart from that, we confirm the 
small dispersion in iron abundance: the standard deviation^ for 
the whole sample (TO stars and subgiants) is 0.07 (we obtain 
0. 10 from the data published in (irallon et al. 2001) . 

3.3. Heavy elements abundances 

Strontium and yttrium abundances were computed from equiv- 
alent width measurements in the same way as our iron abun- 
dances. The excitation p otentials and logjg/ for the Srii and 
Y II lines were taken from lsneden et alJ (119961) . As barium and 
europium transitions are generally affected by hyperfine struc- 
ture ( hereafter hfs; e.g. see McWilliam et al. 1995; McWilliarry 
Il998l and references therein), we computed a synthetic spec- 
trum over several A and compared it interactively to the ob- 
served o ne. We used t he latest version of the synthetic spectrum 
codes of lSpitdd 19671) . Figurej^shows typical comparisons be- 
tween synthetic and observed spectra for the Ba 11 line at 614.17 
nm and for the Euii line at 412.97 nm for dwarfs and/or sub- 
giants of our sample. The hfs paramete rs for the Ba n and Eu n 
lines have been taken respectively from lMcWilhamI (Il998l) and 
ILawleret al. (2001). 

For strontium, mean abundances were obtained from at 
least one line at 407.77 nm or at 421.55 nm, and in most cases 
from both lines. For yttrium, we could almost always detect the 
lines at 395.03 and 439.90 nm in the subgiants, and at least the 
line at 395.03 nm in the dwarfs. For barium, we had at least 
three lines at 455.40, 614.17 and 649.69 nm, and sometimes 
also a third line at 585.37 nm. In the case of europium, we usu- 
ally could detect the two expected lines at 412.97 and 420.50 
nm in the subgiants, but for most of the TO stars, we could only 
give upper limits for both lines. 

The abundances of these four heavy elements are given in 
Tabled We obtain the following average values (with indica- 
tion of the standai-d deviation): [Sr/Fe] = 0.06+0.16, [Y/Fe] = 
-0.01±0.12, [Ba/Fe] = 0.18 + 0.11, and [Eu/Fe] =0.41+0.09 
for our sample stars. Figure |3] displays results for [X/Fe] as a 
function of [Fe/H], where X is either Sr, Y, Ba, or Eu. These 
abundance patterns will be discussed in the following sections 
(see Section im . 

Our computations have been done using LTE model at- 
mospheres. But it is clear that NLTE can affect heavy el- 
ements, in particular Ban and Srii lines, for metal-poor 



' We adopt here the usual spectroscopic notations that [A/B] = 
logio(AfA/A'B) - logioC/VA/A^s)©, and that loge(A) = \og^o(NA/Nu) + 
12.0, for elements A and B. We assume also that metallicity is equiv- 
alent to the stellar [Fe/H] value. 



Here we call standard deviation the square root of the vari- 
VVar(xi . . . xjy), where the variance is given 



ance: cr(xi . . . xjv) 



by Yar{X[ . 
(xi . . . Xn). 



.Xn) 



JTT Z,= i i^i ~ and X is the mean value of 
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Table 2. Error estimates for the sample stars. 








bg e(Ba) = |1.10; 1.20; 1.30j 



614.1 614.15 614.2 614.25 

A [nm] 



00 
d 



to 
d 



d 



log e(Eu) = S-0.45; -0.50; -0.55| 



1400 




t 



412.9 



41 2.95 

A [nr 



41 3 



413.05 



Fig. 2. Top: Synthetic spectra obtained for the Ban (614.17 nm) 
line of stars #1665 (subgiant) and #4383 (dwarf), with addi- 
tional offset. Bottom: Synthetic spectrum of the Euii (412.97 
nm) line in star #1400 (subgiant). Dots: observations, lines: 
synthetic spectra. 



stars in the metallicity rang e -1.90 < [Fe/H] < -1.20 
(e.g. iMashonkina et al.lll999l) . Detailed co mputations of the 
NLTE effects have been done respectively bv'Mashonkin a et all 
( 1 19991) and Mashonkina & Gehren ( 2000. 200 1 ) for Ba ii, Eu ii 
and Srii lines. For metalUcities around -1.50, in most of the 
cases the NLTE corrections do not exceed 0. 15 dex in intensity. 
However, the intensity of these effects depends strongly on the 
observed line and on the atmospheric parameters, and since the 
uncertainties on our atmospheric parameters (see Section 13.41 
and Table combined with the uncertainties on the EW mea- 



El. 


A'" 




Mogg 


A^ 


A(Tot)'' 






+ 100 K 


+0.2 dex 


+0.2 km s 








Subgiants (e.g. 


#1400) 




Fe I 


33 


+0.09 


-0.02 


-0.05 


0.10 


Fell 


11 


-0.01 


+0.07 


-0.05 


0.09 


Srii 


1 


+0.04 


-0.02 


+0.02 


0.05 


Yii 


2 


-0.01 


+0.05 


-0.04 


0.06 


Ban 


3 


+0.04 


+0.01 


-0.05 


0.06 


Euii 


2 


0.00 


+0.05 


-0.04 


0.06 


Dwarfs (e.g. #4907) 


Fei 


27 


+0.09 


-0.04 


-0.05 


0.11 


Fell 


8 


+0.01 


+0.06 


-0.03 


0.07 


Srii 


1 


+0.05 


-0.04 


+0.01 


0.06 


Yii 


2 


0.00 


+0.06 


+0.02 


0.06 


Ban 


3 


+0.04 


-0.02 


-0.06 


0.07 


Euii 


2 


0.00 


+0.06 


+0.03 


0.07 



" For Fe i, we only took into account lines with W,\ < 100 mA. 
A(Tot) = A(reff , log g, f ) is the quadratic sum A^ of all the 
individual uncertainties linked to the atmospheric parameters. 



surements (or on the fits for the abundances deduced from syn- 
thetic spectra) lead to total errors of ~0. 15 dex, it is not certain 
that there would be a significant change in the abundances of 
our sample. 

3.4. Error estimations 

For the iron abundances, we assumed that the total error bud- 
get was due to random uncertainties in the measurement of 
the equivalent widths, and the errors made on the stellar pa- 
rameters. When N > 2 lines of a given element (here Fez 
or Fell) are observed, the random uncertainties can be com- 
puted as the standard deviation around the mean abundance. 
The errors linked to the uncertainties on the stellar atmosphere 
parameters were estimated assuming the following variations: 
Areff = ±100 K, Alogg = ±0.2 dex, and A^ = ±0.2 km s"'. 

For the heavy elements, as there are only a few lines de- 
tected per element, we only computed the eiTors for [X/Fe] 
due to the uncertainties in our choice of stellar parameters. 
The total error budget on the stellar atmosphere parameters 
A(reff, \ogg, ^) is then the quadratic sum of the errors on the 
individual parameters. 

Table |2l summarizes the errors estimates for one turn-off 
star and for one subgiant in NGC 6752. Computations of the 
eiTors for the other stars of our sample give similar results. The 
total eiTor given in the last column of Table |2] slightly smaller 
than the scatter given in Tabled does not take into acount the 
uncertainty coming from the measurements of the equivalent 
widths. 
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Fig. 3. [X/Fe] ratios for the heavy elements in NGC 6752. Squares: stars at the base of the RGB. Tr iangles: dwa r fs nea r the 
turn-off point. Arrows: up per limits for the abundances in the dwarfs. Circles: data for giants from iNorris et alJ lll995l) and 
iNorris&DaC'^lIlt 



4. Discussion 

4.1. Abundance patterns 

Figure|3]displays the abundances ratios [Sr/Fe], [Y/Fe], [Ba/Fe] 
and [Eu/Fe] as a function of [Fe/H] for our sample stars. We 
have added the results from Norris & Da Costa ( 1995) on these 
figures. In order to get an homogeneous sample of data, we 
have recomputed their abundances in the following way. We 
took their published list of equivalent widths for Fe i, Fe 11, Y 11, 
Ban and Euii (.Norris et al. 1995) and computed new abun- 
dances using our own Unes parameters (log gf) and the stel- 
lar atmosphere model (OSMARCS) used for our computations. 
The data of Norris & Da C osta ( 1995) are displayed on the 
figures with open circles. In the four panels, the dwarf stars 
are represented by triangles whereas the subgiants are repre- 
sented by squares. An inspection of these figures does not seem 
to show large systematic differences between abundances ob- 
tained from dwarfs and subgiants. 

- Figure|5^: Strontium 

For strontium, we have a significant spread in the abun- 
dance ratios compared to the values found for the other el- 
ements. It is interesting to note that this effect is also found 
in ha lo field stars (e.g. see .Rvan et al. 1991: Burris et alJ 
I2OOOI and references therein). For dwarf stars, we have a 
larger spread than for subgiants (see also Table [ij. This 
effect can be totally explained by the fact that the spectra 



for dwarfs are of lower quality. Although the Sr 11 lines are 
rather strong, the error on the determination of the equiva- 
lent widths comes mostly from the difficulty to estimate the 
continuum level. In the plot, we have added error bars for 
the dwarfs taking into account this additional error (~ 10- 
15%). We obtain a solar value for the mean [Sr/Fe] ratio of 
0.06 ±0.16. 

- Figure|3j5: Yttrium 

We find [Y/Fe] ranging from -0.23 to 0.22. There is no in- 
dication of an effect as a function of the spectral class of the 
star. We obtain a solar value of -0.01 + 0.12 for the mean 
[Y/Fe] ratio. This ratio is totally compatible with the values 
found in halo stars at intermediate metallicity cBurris et alj 
2000; Fulbright lOOdi . 

- Figure|3j;: Barium 

We found an overabundance of the [Ba/Fe] ratio of +0.18 
dex with a small offset (0.14 dex) between dwarfs and 
subgiants. The origin of this difference remains unclear. 
It could partly come from the difference in the quality 
of the spectra. In any case, it is clear that our sample is 
not large enough to draw final conclusions on this mat- 
ter. This result is not very different from what has been 
found before for this cluster (see lNorris & Da Cost J 19^91 
who found an average value of [Ba/Fe] = 0.25), and it is 
also compatible with previous analy ses of metal-p oor stars 
in the same metallicity range jBurris et alJ200dl:lFulbrigh3 
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|200(A iMashonkina et alJl2003l) . It is interesting to com- 
pare the present results for our almost unevolved sample of 
stars to the ab undance ratios found i n giants in oth e r glob - 
ular clusters. |Snedenetal ] lll997h . ISneden et alJ tOOd . 
and iArmoskv etalJ ( 1 19941) have found mean [Ba/Fe] ra- 
tios ranging from -0.29 to 0.12 in globular clusters with 
metallicities between -1.17 and -2.41. Our mean value 
[Ba/Fe] = 0.18 + 0.11 is in fair agreement with these val- 
ues. 

- Figure|3ll: Europium 

Europium can hardly be detected in the TO stars of 
NGC 6752, but the few reliable detections are compatible 
with the abundances found in the subgiants of the cluster 
(see also Table 0. There is a clear overabundance of the 
ratio [Eu/Fe] with a mean value of 0.41 ± 0.09 dex. This 
value is in agreement with the results of Shetrond ( 1 19961) 
for M 71, M 5, M 13, and M 92, which are all overabun- 
dant in Eu by about the same value, and also with the ra- 
tios f ound in other metal-poor stars at intermediate metal- 
licitv llBurris et alJ2 000: Fulbright 2000; Mashonkin a et alJ 
I2OO3I) . It is interesting to note that the dispersion of the 
[Eu/Fe1 r a tio am ong the four globular clusters studied by 
IShetronel ( 1 19961) is much smaller than the dispersion of 
the [Ba/Fe] ratio. In the present case, it is not possible to 
reach any conclusion concerning the different dispersion in 
[Ba/Fe] and [Eu/Fe] from our data (see Table [Ol. 

To summarize, we did not find any large systematic differ- 
ence in the abundance ratios for subgiants and turn-off stars. 
Our values are compatible with the abundance ratios found by 
[Norris & Da Costa ( 1995), and also with the values given by 
several analyses of metal-poor stars at intermediate metallic- 
ity. For the Ba and Eu abundances, the slight difference be- 
tween our analysis and the paper of Norris & Da Costa ( 1995) 
may be due to the fact that they did not consider the hyperfine 
structure of the transitions for these elements. No obvious cor- 
relation was detected in the comparison of the [n-capture/Fe] 
abundance ratios as a function o f [O/Fe], [Mg/Fe], and [Na/Fe] 
(taken from lOratton et alJ200ll) . 

4.2. Neutron-capture elements ratios 

Figure|4]shows [Ba/Eu] as a function of [Fe/H]. The horizontal 
full line marks the total solar abundance ratio ([Ba/Eu] = 0), 
and the dashed line marks the solar r-process fractional ra- 
tio [Ba/Eu]r - -0.70, according to Arlandini et al. ( 1999). 
The ratio [Ba/Eu] can be used as a test of the relative impor- 
tance of the s- and r-processes to the initial mix of materials 
at the birth of the stars. A first inspection of Figure |4] shows 
a very lo w dispersion of the [Ba/Eu] ratio in contrast to that 
found bv LSneden et al] (ll997S. It is also interesting to note that 
there is no systematic difference between the ratios found for 
the stars in different evolutionary phases. We obtain a mean 
value^ of [Ba/Eu] = -0.18 + 0.09 slightly higher than the val- 

' The mean values for the [Ba/Eu] and [Sr/Ba] ratios haven been 
computed using the individual [Ba/Eu] and [Sr/Ba] values for each 
sample star and are not the simple difference between the mean 
[Ba/Fe], [Eu/Fe] and [Sr/Fe] ratios. 
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ues given bv 'S neden et alJ ( 1 19971) for M 15. This ratio is still 
in the range -0.2 to -0.6 found for fi eld halo stars and globu- 
lar cluster (M 5, M 13 M 92) giants ([(jratton & Snedenll99ll 
Il994t 'Armoskv et al."l994'; 'Shetrone"l996V The [Ba/Eu] ra- 
tios found in NGC 6752 are significantly higher than the solar 
pure r-process ratio. This shows that a part of the Ba abundance 
measured in these stars has also an s-process origin. 

Strontium is mainly built during the double-shell burning 
phase of low and intermediate-mass AGB stars, but a signif- 
icant fraction (~20%) cou ld be p roduced from the He-core 
burning in massive stars jRaiteri et al. 1993; Prantzos et alJ 
I1990I) . On the other hand, barium c omes mainly from AGB 
stars in the mass range -1-4 Me ('Busso et alJll99 9^. It is 
therefore interesting to plot the ratio of these two elements 
as a function of the metallicity. In Figure |5] we have plotted 
[Sr/Ba] ratios as a function of metallicity for our sample. As 
the weak s component is of secondary origin at low metallic- 
ity, the [Sr/Ba] ratios have to be compared to the solar pure 
r-process ratio. We have computed the solar r-process fraction 
[Sr/Ba]r = -0 . 50, wh ich is displayed in Figure |5] following 
lArlandini et all ( 1 19991) . A higher ratio is found if we include 
a weak s-process contribution to the solar Sr ([Sr,.+,v/Bar] - 
-0.10). For our sample, we obtain a mean value of [Sr/Ba] - 
-0.12 + 0.21 which is in good agreement with the ratios found 
in field halo stars in this metallicity range (e.g. iBurris et"al] 
i200Qi) . The subgiants have a lower mean value (-0.25 ± 0.07) 
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than the TO stars (0.01 ± 0.22) for the [Sr/Ba] ratio, but the 
scatter in the dwarfs is higher, so that the ratios found in both 
populations are compatible with an unique mean value. In any 
case, these ratios show clearly an s-process contribution to the 
synthesis of the n-capture elements in NGC 6752. 

4.3. Comparison with field stars 

Several studies of barium and euromum in Galactic field halo 
metal-po or stars (McWilliam et al. 1995; McWilliam 1998; 
iBurris et al. 2000; Fulbright 2000) have shown that the [Ba/Eu] 
ratio falls with decreasing metallicity, and approaches a pure r- 
process ratio in most of the very metal-poor stars. Therefore it 
is interesting to compare what has been found in globular clus- 
ters stars and field halo stars in the same metallicity range. 

In Figure |6l we plot the mean [Ba/Eu] ratios for our clus- 
ter NG C 6752, and other globular cluster s taken in the lit- 
erature ( lFrancoislll99l; ISneden etalJI 19971 llvans et alj[l999[ 
and references therein). We have added in this figure the data 
from Burris et al. (2000) and Fulbright (2000) for field stai's. 
Our mean value [Ba/Eu] = -0.18 + 0.11 for a metallicity of 
[Fe/H] - -1.49 ± 0.07 lies between the solar r-i-s mix and a 
pure r-process ratio, showing clearly an s-process contribution. 
Our mean values for [Ba/Eu] and [Sr/Ba] can also be com- 
pared to the much lower values found in the r-element ric h stars 
CS 3 1082-001 ([Ba/Eu] = -0.46, [Sr/Ba] = -0.52. Hill et alJ 
2002h and CS 2289 2-052 ([Ba/Eu] = -0.65, [Sr/Ba] = -0.39, 



Sneden et alJ2003l) . 



Our data point for NGC 6752 is in good agreement with the 
field halo stars with the same metallicity. Although the disper- 
sion is ra ther large, the [Ba/Eu] ratios found in globular clusters 
(lFrancoisi.l99k .Sneden etaL.1997. .2000; .Ivans et al...l999> 



120011) of different metallicities seem to follow the trend found 
in halo stars (i.e. [Ba/Eu] decreasing with decreasing metalUc- 
ity). However, if we di scard the high [Ba/Eu] value found in 
M 4 (llvans et all 1 19991) . the data agrees also with a constant 
value of ~ -0.4. It is therefore very important to obtain new 
data for both the most metal-rich and metal-poor clusters. 



4.4. Self-pollution and self-enrichment of NGC 6752 

The recent results from Gratt on et all |2001) have shown that 
the O-Na and Mg-Al anticorrelations found in giant stars of 
globular clusters are also present in main sequence stars of 
NGC 6752. These new data c an be interpreted in the light 
of a scenario of self-pollution JCottrell & Da Costa 1981) . In 
this scenario, the inhomogeneities are due to the mass lost by 
intermediate -mass stars during t he AGB and planetary neb- 
ulae phases. IVenturaetal](l200ll) performed computations of 
self-pollution coming from low-metallicity AGBs, and showed 
that the observed O-Na and Mg-Al anticorrelations can be ex- 
plained by the full CNO-cycle operating at the base of the en- 
velope of the most metal-poor models of 4 and 5 Mq. In these 
models, the ""O is reduced and the sodium and aluminium pro- 
duction by proton-capture can occur These models are only 
able to explain the anticorrelation of light metals, but not the 
origin of the metallicity of globular clusters, nor the heavy el- 
ements ratios. It is not yet clear whether globular clusters are 
formed out of matter which is already enriched. 

Different au t hors JCavrell 1 19861; iTruran et alJ Il99lt 
iParmentier et al ] 1 19991) proposed models for the self- 
enrichment of globular clusters. In these models, a first 
generation of stars is assumed to form in the central region 
of the progenitor cloud. When the massive stars of this first 
generation exploses as SNell, the matter of the globular cluster 
is enriched in iron, a-elements and heavy elements. If the 
matter used to form the cluster is of primordial origin, the 
resulting [Ba/Eu] or [Sr/Ba] ratios should be compatible with 
pure r-process values. 

Our new data could be used as a test of these scenarii. 
However, there is no detailed computation concerning the 
self-enrichement of globular clusters. It is interesting to note 
that we found a [Ba/Eu] and [Sr/Ba] ratios departing sig- 
nificantly from the pure r-process ratios, excluding the self- 
enrichment scenario based only on the contribution of SNell 
ejectae. Our values could be explained in the framework of the 
self-enrichement scenario, but only if an s-proce ss contribu- 
tion from low-mass AGB stars JBusso et alJl 19991) is included. 
However, the Ba abundances are constant among the observed 
stars in NGC 6752, in spite of the large star-to-star variation of 
the O and Na abundances, a s found bvlG ratton et al. (2 0011) . A 
similar result was found bv ' Armoskv et ah (il994 ) for several 
other clusters, and later confirmed by other investigators. This 
indicates that the stars responsible for the O-Na anticorrelation 
did not produce significant amounts of s-process elements. It is 
also interesting to remind that we did not find any trend for any 
of the ratios [n-capture/Fe] as a function of [Na/Fe] or [O/Fe]. 

On the other hand, the fact that our abundance ratios are 
similar to the values found in halo stars with the same metallic- 
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ity could be interpreted with a model where the globular cluster 
is formed out of matter which is already enriched in r- and s- 
process elements. In the framework of this last scenario, the 
n-capture elements abundances would have been present at the 
formation of the cluster, but the dispersion in O and Na could 
still be explained by massive AGBs. 

5. Conclusions 

In this paper, we presented the first abundance determinations 
for heavy elements in turn-off stars and early subgiants in 
NGC 6752. These results appear to be the first precise [Sr/Fe], 
[Y/Fe], [Ba/Fe], and [Eu/Fe] determinations in this cluster. We 
did not find any large systematic effect between the abundances 
found in turn- oflF and subgiant stars (this paper), and giant stars 
jNorris & Da Costa.19 95). 

We obtain the following mean abundances in our sample 
(turn-off stars and subgiants): 

[Sr/Fe] = 0.06 ±0.16 

[Y/Fe] = -0.01 ±0.12 

[Ba/Fe] =0.18 ±0.11 

[Eu/Fe] = 0.41 ± 0.09 

Our results are in agreement with constant abundance ratios, 
and the low scatter can be totally explained by uncertainties in 
their derivation. These ratios are in agreement with the results 
found in field halo stars with the same metallicity. 

We did not observe any correlation between the [n- 
capture/Fe] ratios and the star-to-star variations of the O and 
Na abundances. 

Our mean values [Ba/Eu] = -0.18 ± 0.11 and [Sr/Ba] = 
-0.21 ±0.12 lie both between a purer-process and the solar r-ns 
mix ratios. Looking at these ratios, we showed that NGC 6752 
has been polluted by s-process nucleosynthesis. Whether this 
s-process signature comes from an internal enrichment or is 
due to a pre-enrichment of the matter from which the cluster 
formed, remains still an open question. 

It would be interesting to extend this kind of analysis to 
other globular clusters, especially the most metal-rich. Is is 
only with a significant set of data that the self-enrichement sce- 
nario can be tested, although no detailed modelisation has yet 
been done. 
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